The synthetic dyes are the aesthetic requirement of human civilization and it's demand and usage is continually increasing. It was worldwide estimated that 280,000 tons of textile dyes find its way in to the effluent due to inefficiencies in dyeing process every year 1 . Color is the first contaminant observed in wastewater and has to be removed before discharging in to large water bodies. Many dyes are visible in water at concentrations as low as 1 ppm 2 .The azo dyes are most commonly used dyes and are resistant to chemical and biological degradation due to their complex chemical structure and synthetic origin. Many azo dyes and their breakdown products are toxic, carcinogenic, and mutagenic in nature. The mono azo dye MR used in this study show mutagenicity. Several physicochemical methods have been applied for the removal of dyes from wastewater effluent. However, physical/chemical methods have inherent drawbacks over ecofriendly microbial or enzymatic decolorization 3, 4 . Recent research endeavors had reported wide variety of microorganisms capable of decolorizing various dyes 3, 5 . The approaches to address dye decolorization problem by isolating microbes in pure culture 4, 6, 7 , developing consortium 8, 9, 10 degrading dyes efficiently, broad dye decolorization profile ,11,12 , aerobically 13, 14, 15 , anaerobically 4, 16 are evident in scientific literature.
The most frequent biological degradation of azo dyes was performed in static anoxic condition and few studies reported aerobic degradation 15 . MR is not practiced as a textile dye in industry but it is used as model azo dye to know underline decolorization and degradation attributes. Hsueh and Chen (2007) reported MR as the most difficult dye to degrade due to charged carboxyl group on Methyl red at ortho position to azo bond, inhibiting decolorization activity. Bacillus circulans was reported earlier as a member in an active microbial consortium (acclimatized activated sludge) with Pseudomonas aeruginosa and two unidentified bacteria 8 , but its standalone dye bioremediation potential was not investigated. The objective of this work was, to isolate and identify bacterial species from textile effluent and evaluate its performance in vitro with a view to find solution to textile dye effluent disposal problems. This work investigates possibility of isolate Bacillus circulans NPP1 for removal of textile dyes used in the present study.
MATERIALS AND METHODS

Dyes, Chemicals and Media
Acid Red 2 (MR) Acid orange 52, Acid red 27 and Acid blue 74 were purchased from Qualigen (India) and other textile dyes i.e. Acid orange 7, Direct yellow 12, Acid black 210, Reactive black 5, Reactive red 195, Reactive yellow 145 from M/s. Oswal dyechem (Mumbai, India). Microbiological media and components were purchased from HiMedia (India). The dyes were used without purification. The respective stock solutions of dyes were prepared by dissolving 0.5g of powder in 100ml of distilled water autoclaved after mixing. The λ max of each dye was determined in nutrient broth using spectrophotometer. All the other chemicals were reagent grade.
Sampling, Isolation and Identification of dye decolorizing bacteria
The sludge samples were collected from the different stages of the Naroda common effluent treatment plant (Ahmadabad, India). In order to obtain potential bacterial azo dye degrader, enrichment and acclimatization was performed in mixture of dyes (100ppm concentration) in Nutrient Broth maintained under stationary conditions. Aliquots were withdrawn and microbiological culture plating (Streak plate and Spread plate method) were performed on 100ppm dye mixture containing Nutrient agar. The colorless colonies surrounded by a decolorized zone were selected further. The isolates were assessed for their decolorization ability in Nutrient broth containing dye. The promising bacterial isolate having greatest decolorization potential was characterized using routine microbial identification test (morphology, cultural & biochemical) in our laboratory. The selected bacterial isolates were further characterized by automated Vitek® 2 System version 03.01 (BioMerieux) and partial sequencing of 16S rRNA gene at Molecular Diagnostic Center ( Pune, India). The gene sequence of the isolate was submitted to the Genebank.
MR and other dyes decolorization
Unless otherwise stated, the decolorization system consists of 1% inoculum size of 0.1OD at 600nm, 50ppm MR in nutrient medium ( 0.5% glucose + 0.5%YE+ 0.5% NaCl), pH-7.5, 35 o C temperature and static anoxic condition. The decolorization of other dyes was done by replacing MR in previously mentioned set of conditions. The % decolorization was calculated using formula given by Zhao et al., (2014) .
Optimization of physicochemical parameters
For optimization of inoculum, 18 hrs old culture having 0.1 OD at 600nm inoculated with varying size from 0.01-10 %(v/v) in Liquid culture medium containing 50 mg/L concentration of MR. The pH was varied from 4 -11 and temperature was varied in the range 20 to 50 o C. The effect of oxygen on the decolorization was studied at static and shaking/agitated conditions (150 rpm) on orbital shaking incubator. The effect of MR concentration was studied in the range 50-600 mg/L. The effect of salt i.e. NaCl was studied from 0-10 g % .Decolorization was studied using various cosubstrates like glucose, YE, peptone, urea, casein, sucrose, lactose, whey and combination of two co-substrate in Bushnell Hass medium 5 (BHM). The whey was filtered to remove particulate matter, neutralized using 0.1N NaOH solution and used 4% in BHM. % decolorization was calculated at a time when any tube in experimental set showed maximum visible decolorization. The MR decolorization rate was calculated by measuring the amount of decolorization or removal of MR(mg)/ L/hr.
MR degradation analysis
100 ppm MR decolorized broth was centrifuged at 4000g for 20mins and supernatant was filtered through 0.02 micron filter (Pall Make). The culture filtrate was treated with equal volume of ethyl acetate in separating funnel and organic phase was collected. The organic phase was dried over anhydrous Na 2 S0 4 . The un-inoculated tube served as a control and given similar treatment. The extract was concentrated in rotary evaporator and used as sample for UV/vis, FTIR and GCMS analysis. The instrumentations methods reported earlier 19 were followed.
Enzymes involved in degradation of MR
The cell free extract of induced (MR) and un-induced cells were prepared according to method give by Gomare et al., (2009) . The protein content of cell extract was determined by the method of Lowry 20 using bovine serum albumin as a standard Laccase was assayed using Guaicol 21 , Lignin peroxidases 22 using n-propanol, azoreductase 23 using MR and tyrosinase 24 using catechol as substrate.
Toxicity assay
The ethyl acetate extracted products of MR decolorization were dried and dissolve in 10ml sterile distilled water to make final concentration of 300ppm to be used in phytotoxicity assay 11 on seeds of Sorghum bicolor and Pennisteum americanum.
Statistical Analysis
The data was analyzed by one-way analysis of variance ( ANOVA) using a TukeyKramer multiple comparison test. The observations were considered significant when P was ≤ 0.05.
RESULTS AND DISCUSSION
Isolation and Identification of Bacillus circulans NPP1
A potential bacterial isolate having rapid dye decolorization activity and broad decolorization profile was chosen as screening and selection criteria. The special attention was given to the color of the cell pellet after centrifugation as dyes decolorization proceed through two steps i.e. adsorption of dyes on cell(biosorption) and their degradation further. The colored pellet indicated first reaction, while colorless cell pellet pointed towards biosorption followed by degradation of dyes. The isolate NPP1 showed promising decolorization capability during screening and isolation program as per the above mentioned selection criteria. The complete (visible) decolorization of 50 ppm MR was achieved by isolate NPP1 under static anoxic condition. The decolorization of MR in tube was initiated from the bottom of tube and after centrifugation pellet was colorless. 
Optimization of Physicochemical factors
The optimization experiments were followed to know a culture condition that enhances decolorization of MR by employing one factor at a time approach. The various optimized factors are shown in Table 2 in relation to broad range in which decolorization achieved (greater than 75%). Bacillus circulans NPP1 offered advantages over other reported strains 11,19,,26 on small inoculum size required for decolorization. The decolorization time did not reduced despite increase in inoculum size. This may be due to initial acclimatization time and building up of substantial NAD(P)H pool required for decolorization. Under oxygen limited condition (anoxic) azo dyes act as terminal electron acceptors 25 that leads to the azo reduction of dyes. In oxygenic/shaking condition turbidity was developed in the MR containing medium but upon broth centrifugation red color pellet was observed (biosorption). This was due to competition between MR and oxygen for acting as terminal electron acceptor. Sulfonic azo dyes are impermeable to the cell membrane and its permeation into cell is the rate limiting step in the dedgradation 28 this may be reason of rapid decolorization of MR over sulfonated dyes used in this work.
Analysis of MR degradation
The dissimilarity in UV/VIS spectral pattern of treated and untreated MR as shown in Figure 1 suggested azo reduction. The hypochromic shift (lower absorbance) at 430nm and appearance of new peak at 308nm (hypsochromic shift) indicated reduction. The peak at 308nm may be a combined peak of anthranilic acid and N,N-dimethyl-p-phenylenediamine intermediate and further incubation leads to the hypochromic shift indicating its probable mineralization. In treated MR absorbance was not reduced zero because, the azo reduction products of MR contributed absorbance at wavelength 430 nm 18 . The GCMS spectra revealed two major intermediates of MR degradation at retention time 7.754(anthranilic acid) and 11.997 (N,N'dimethyl aniline) as shown in Tables biodegradation. The azo reduction products were further degraded into aliphatic amines possibly through the mediation of oxidative enzymes such as lignin peroxidase and laccase 29 .
Enzymes involved in degradation
Cell free intracellular content of Bacillus circulans NPP1 had shown the presence of significant activities of lignin peroxidase, azoreductase, laccase and tyrosinase. The results of the specific activity of different enzyme assessed are presented in Table 4 . The azoreductase activity induced 230%, Lignin peroxidase activity induced 227%. Laccase and Tyrosinase activity was induced 142% and 166 % respectively. All four enzymes are important candidates for degradation of various synthetic chemical compounds. The presence and induction of enzymes activities in the intracellular content of cell indicate harmless fate of primary aromatic amines produced after reductive cleavage of azo bond (-N=N-) in the dyes. 
Toxicity studies
The impact of treated MR wastewater on economically important vegetation was evaluated to explore possible reuse in irrigation. The relative sensitivity of two plant seeds (Sorghum bicolor and Pennisteum americanum) against the untreated dye presented in Table 5 . There was no germination inhibition of seeds of both the plant seeds by MR metabolites at 300 ppm concentration while untreated MR showed 83% germination of Sorghum bicolor and 65% germination of Pennisteum americanum. Overall, the extracted metabolites of MR showed insignificant toxic effect on roots and shoots length in seed assay compare to seeds grown in presence of MR (significant length reduction).
CONCLUSION
The bacterium Bacillus circulans NPP1 isolated from dye polluted industrial effluent has ability to degrade MR, decolorize various textile dyes. The broad dye decolorization activity of isolate is beneficial to claim commercial application. The physiological requirements of isolate to achieve dye decolorization were moderate. The isolate demonstrated advantage over other reported strain on criteria of fast decolorization achieved by inoculating minuscule biomass. The induction in the activities of various dye degradation and mineralization enzymes indicates significance of isolate. The degradation of MR into less toxic metabolite ascertains its use in irrigation. In our opinion, based on the result of present study, further it is remarkable to evaluate isolates applicability in suitable decolorization process.
